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SYNTHESIS OF NANOCOMPOSITES USED AS A MODEL FOR SLOW RELEASE OF PHOSPHATE 
MINERAL 
Abstract$PRQJ WKH WRS WKUHHSULPDU\PDFURQXWULHQWVSKRVSKRUXV LV OHDVWQHFHVVDU\E\SODQWV+RZHYHU LW LV
WKHQXWULHQWWKDWOLPLWVWKHSURGXFWLRQDQGWKHPRVWXVHGDVIHUWLOL]HUVLQ%UD]LO7KHPDLQLQGXVWULDOVRXUFHVRI
SKRVSKRUXV XVHG LQ DJULFXOWXUH DUH REWDLQHG WKURXJK DFLG WUHDWPHQW RI SKRVSKDWH URFN 7KXV K\GUR[\DSDWLWH
+37ZDVFKRVHQDVPRGHORISKRVSKDWHPLQHUDOVGXHWRWKHLUSK\VLFDOVWUXFWXUDOPRUSKRORJLFDODQGVWLOOJUHDWHU
VROXELOLW\FRPSDUHGZLWKRWKHUH[LVWLQJSKDVHFKDUDFWHULVWLFV$QHVWDEOLVKHGVWUDWHJ\ WR LQFUHDVH WKHVROXELOLW\
RISKRVSKDWHVLVEDVHGRQWKHLVRODWLRQRIQDQRSDUWLFOHVLQDVROXEOHPDWUL[+37SUHYHQWLQJWKHLUDJJORPHUDWLRQ
DQGLPSURYLQJWKHLUVROXELOLW\7KHFKRLFHIRUWKHGLVSHUVLRQPDWUL[RI+37ZDVXUHDWKHPDLQIHUWLOL]HUXVHGDV
DQLWURJHQVRXUFH LQ%UD]LO7KHUHIRUH WKLVZRUNGHVFULEHV WKHSUHSDUDWLRQDQGFKDUDFWHUL]DWLRQRIELIXQFWLRQDO
QDQRFRPSRVLWHVEDVHGRQ VORZ UHOHDVHRI+37 LVRODWLRQRIXUHD LQ D VLPSOHPDWUL[E\H[WUXVLRQSURFHVVRQD
UHDVRQDEOH WHPSHUDWXUH7KLV SURFHVV FDQ SURGXFH JUDQXOHV FRQWDLQLQJ KLJK OHYHOV RI+37 QDQRSDUWLFOHVZLWK
SDUWLFOHVL]HYDOXHVRILQWHUHVWIRUWKHVROXELOL]DWLRQSURFHVV
Keywords: controlled UHOHDVHSKRVSKDWHGLVSHUVLRQXUHD
1. Introdução
(VWLPDWLYDV DSRQWDPTXH D SRSXODomRPXQGLDO GHYHUi DWLQJLU ELOK}HVGHKDELWDQWHV HP7DO
FUHVFLPHQWRSRSXODFLRQDOYHPDFRPSDQKDGRGDQHFHVVLGDGHGHDXPHQWRGDSURGXWLYLGDGHHFRQVHTXHQWHPHQWHQD
SURGXomRGHDOLPHQWRV 1R%UDVLOHQWUHRVDQRVGHDKRXYHXPDXPHQWRGHYH]HVGRVSULQ-
FLSDLVSURGXWRVDJUtFRODVHQTXDQWRRXVRGHIHUWLOL]DQWHVFUHVFHXYH]HVHDiUHDFXOWLYDGDFUHVFHXDSHQDV
YH]HV3RUWDQWRRDXPHQWRGDSURGXWLYLGDGHSRUKHFWDUHSODQWDGRHVWiGLUHWDPHQWHOLJDGRDRJDQKRQDIHUWLOL]DomR
GRVROR(PIRUDPFRPHUFLDOL]DGRVQR%UDVLOPDLVGHPLOK}HVGHWRQHODGDVGHIHUWLOL]DQWHV'HDFRUGR
FRPGDGRVGD&21$%DSHVDUGDSURGXomRQDFLRQDOGHIHUWLOL]DQWHVFUHVFHUDXPDWD[DDQXDOVXSHULRUD
DFDSDFLGDGHORFDOQmRpVX¿FLHQWHSDUDVXSULURFRQVXPRLQWHUQRVHQGRQHFHVViULDDLPSRUWDomRGHDSUR-
[LPDGDPHQWHGRSRWiVVLR.GRQLWURJrQLR1HGRIyVIRUR3XWLOL]DGRQDDGXEDomRGDVWHUUDV
EUDVLOHLUDV)(51$1'(6HWDO
'HQWUHRVWUrVPDFURQXWULHQWHVSULPiULRVSULQFLSDLVQLWURJrQLRIyVIRURHSRWiVVLRRIyVIRURpRPHQRV
H[LJLGRHPPDVVDSHODVSODQWDV1RHQWDQWRpRQXWULHQWHTXHPDLV OLPLWDDSURGXomRHRPDLVXWLOL]DGRHP
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DGXEDo}HVQR%UDVLO(VVDVLWXDomRpUHVXOWDQWHGDFDUrQFLDJHQHUDOL]DGDGHIyVIRURQRVVRORVEUDVLOHLURVHSULQ-
FLSDOPHQWHGDVXDIRUWHLQWHUDomRFRPRVRORHVSHFLDOPHQWHHPVRORVDUJLORVRVRXTXHFRQWHQKDPFRQFHQWUDo}HV
HOHYDGDVGH)H$ORX0QRTXHOHYDjVXDLPRELOL]DomRHSRUWDQWRLQGLVSRQLELOLGDGH$VSODQWDVDEVRUYHPR
tRQ IRVIDWRGRVRORSULQFLSDOPHQWHQDV IRUPDV+32- H+32 H UHTXHUHPXPVXSULPHQWRFRQVWDQWHSDUDVHXGHVHQYROYLPHQWRGXUDQWHWRGDYLGD)RVIDWRVQDWXUDLVGHYLGRjVXDEDL[DVROXELOLGDGHHPiJXDVmRVXEPHWLGRVD
SURFHVVRVTXtPLFRVHItVLFRVWDLVFRPRDDFLGL¿FDomRSRUWUDWDPHQWRFRPiFLGRVXOI~ULFRRXiFLGRIRVIyULFRSDUD
DXPHQWDUDVXDVROXELOLGDGHHPiJXDSURGX]LQGRVXSHUIRVIDWRWULSORHQWUHRXWURV(VVHVSURFHVVRVSRUXPODGR
WRUQDUIRVIDWRPDLVGLVSRQtYHOWDPEpPUHGX]HPRFRQWUROHVROXELOLGDGHDOpPGDVTXHVW}HVUHODFLRQDGDVFRPRV
DOWRVFXVWRVGHSURGXomRHQYROYLGRV1HVWHVHQWLGRDDWXDOGHPDQGDGHIHUWLOL]DQWHVIRVIDWDGRVUHTXHUDFULDomRGH
PpWRGRVPDLVUDFLRQDLVSDUDRXVRGHVWHQXWULHQWHHDLQGDDEXVFDSRUHVWUDWpJLDVTXHSRVVDPDXPHQWDUHFRQWURODU
DVROXELOLGDGHGHVVDVIRQWHVXWLOL]DGDVDOpPGHHYLWDUSURFHVVRVGHLPRELOL]DomRFRDOHVFrQFLDRXDJORPHUDomRTXH
FRPSURPHWHPDGLVSRQLELOLGDGHGRQXWULHQWHGXUDQWHRSURFHVVR
'HVWDIRUPDpQHFHVViULRGHVHQYROYHUURWDVTXHSRVVLELOLWHPLVRODUDVQDQRSDUWtFXODVSURGX]LGDVHPPD-
WUL]HVVRO~YHLVSHUPLWLQGRRFRQWUROHGDVROXELOLGDGHSHODH[SRVLomRJUDGXDOGDVQDQRSDUWtFXODVIRVIiWLFDVDRPHLR
HYLWDQGRDVXDDJORPHUDomRHFRQVHTXHQWHPHQWHPHOKRUDQGRVXDVROXELOLGDGH$OpPGLVVRXPDYDQWDJHPGHVWD
HVWUDWpJLDVHULDDSRVVtYHOFRQIRUPDomRGRQDQRFRPSyVLWRQDIRUPDGHJUkQXORVTXHVmRPDLVDFHLWRVSHORVSUR-
GXWRUHVUXUDLVSDUDDSOLFDomRGRTXHRPDWHULDOSXOYHUL]DGRSRUFRQWDGDPHQRUJHUDomRGHSRHLUDHIDFLOLGDGHGH
PHFDQL]DomRQDDSOLFDomR0DWUL]HVSDUDIRUPDomRGRVQDQRFRPSyVLWRVGHYHPQHFHVVDULDPHQWHVHUFRPSDWtYHLV
FRPDVXSHUItFLHGDVQDQRSDUWtFXODVGHIRVIDWR±SRUWDQWRKLGURItOLFDV±HpGHVHMiYHOTXHSRVVDPVHUSURFHVVDGDV
FRQWLQXDPHQWHFRPRSRUH[HPSORSRUH[WUXVmR8PFDQGLGDWRSDUDGLVSHUVmRGRVIRVIDWRVpDXUpLDSULQFLSDO
IHUWLOL]DQWHXWLOL]DGRFRPRIRQWHGHQLWURJrQLRQR%UDVLO0$;,02HWDO
2SUHVHQWHWUDEDOKRSRUWDQWRGHVFUHYHDSUHSDUDomRHFDUDFWHUL]DomRGHOLEHUDomROHQWDQDQRFRPSyVLWRV
ELIXQFLRQDLVFRPEDVHQRLVRODPHQWRGH+37QXPDPDWUL]GHXUHLDSRUXPSURFHVVRGHH[WUXVmRVLPSOHVDWHPSH-
UDWXUDUD]RiYHO(VWHSURFHVVRSRGHSURGX]LUJUkQXORVFRQWHQGRDOWRVQtYHLVGHQDQRSDUWtFXODV+37FRPYDORUHVGH
WDPDQKRGHSDUWtFXODVGHLQWHUHVVHSDUDRSURFHVVRGHVROXELOL]DomR
2. Materiais e Métodos
2VQDQRFRPSyVLWRVIRUDPSUHSDUDGRVHPGLIHUHQWHVSURSRUo}HVPiVVLFDVGH+LGUR[LDSDWLWD+378UHLD
RXVHMDGH+37+37HGH+373RO\ODE5KHRGULYHHPL[HU5KHRPL[26USP
PLQD&2VPDWHULDLVIRUDPVHFRVjWHPSHUDWXUDDPELHQWHGXUDQWHKRUDV$SyVDREWHQomRGRVPDWH-
ULDLVVHFRVHOHVIRUDPOHYDGRVSDUDDPRDJHPHPXPPRLQKRYLEUiWRULR6(59,7(&+&7SDUDREWHQomRQD
IRUPDGHSyVFRPRLOXVWUDPQD)LJXUDD2VFRPSyVLWRVIRUDPGHVLJQDGRV³+378U´³+378U´H+37
8U´VHQGRUHODomR+37HXUpLDUHVSHFWLYDPHQWH2V1DQRFRPSyVLWRVIRUDPFDUDFWHUL]DGRVSRUPLFURVFRSLD
HOHWU{QLFDGHYDUUHGXUD0(9$QiOLVHGLVSHUVLYDGH5DLRV;(';$QiOLVHWHUPRJUDYLPpWULFD7*$H$QiOLVH
GRWDPDQKRGDSDUWtFXOD
3. Resultados e Discussão
3DUDPRQLWRUDUDPRUIRORJLDHRJUDXGHGLVSHUVmRGH+LGUR[LDSDWLWDHPXUHLDDSyVRSURFHVVDPHQWRRV
PDWHULDLVIRUDPDQDOLVDGRVSRU0(9H(';)LJXUDH7DEHOD
3RGHVHREVHUYDUGLYHUVDVDOWHUDo}HVQDPRUIRORJLDDSyVDIRUPDomRGRV1DQRFRPSyVLWRVHPFRPSDUD-
omRFRPD+37SXUDHDXUHLDSXUD(VWDVPXGDQoDVDSyVRSURFHVVDPHQWRVmRGHYLGRDJUDQGHD¿QLGDGHHQWUH
DXUHLDHDVXSHUItFLHKLGURItOLFDGDKLGUR[LDSDWLWD2EVHUYDVHTXHDSDUWLUGRPDWHULDO+378UDSUHVHQoDGH
ORQJRVFULVWDLVGHXUHLDURGHDGRVSRUSHTXHQDVSDUWtFXODVGH+37FRPRFRQ¿UPDGRSRUDQiOLVHGH(';9HUL¿FD
VHDWUDYpVGDVLPDJHQVGH0(9TXHDVUHJL}HVLQGLFDGDVSRU³´FRUUHVSRQGHPQDQRSDUWtFXODVGH+37GLVSHUVRV
HPXUHLD(QTXDQWRDUHJLmRLQGLFDGDSRU³´FRUUHVSRQGHDRVFULVWDLVGHXUHLDUHGLVSHUVDV
7DEHOD3URSRUomRGH&123H&DQRVFRPSRVWRV DVVLQDODGRVSHORVQ~PHURVQD)LJXUD0HGLGRV
SRU(';HPDW{PLFD
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)LJXUD,PDJHQVGHPLFURVFRSLDGD+37HGRVQDQRFRPSyVLWRVIRUPDGRV
$)LJXUDDDSUHVHQWDDVLPDJHQVGRVPDWHULDLVDSyVVHFDJHPHPRDJHP$REWHQomRGRVSyVpLPSRU-
WDQWHXPDYH]TXHDDSOLFDomRGHWDLVSURGXWRVpYLDSXOYHUL]DomRGLUHWDRXDWpPHVPRSRUGLVSHUVmRHPGLYHUVRV
VROYHQWHVFHQiULRPDLVIDYRUiYHODRSURGXWRUDJUtFROD$DQiOLVHWHUPRJUDYLPpWULFDIRLXWLOL]DGDGHIRUPDDDYDOLDU
DHVWDELOLGDGHWpUPLFDGD+37HXUHLDSUHVHQWHQDVDPRVWUDVGXUDQWHDGHFRPSRVLomRWpUPLFDGRVPDWHULDLVVyOLGRV
)LJXUDE
2QDQRFRPSyVLWRVDSUHVHQWDUDPXPFRPSRUWDPHQWRGHGHJUDGDomRWpUPLFDGRPLQDGRPDMRULWDULDPHQWH
SHODGHJUDGDomRGDXUHLDSUHVHQWHPRVWUDQGRDVPHVPDVWHPSHUDWXUDVGHGHJUDGDomRH[FHWRSDUDDPLVWXUD
H(VWHVQDQRFRPSyVLWRVSRUWHUHPRPHQRUWHRUGH+37REWLYHUDPXPDPDLRUGLVSHUVmRGHVWHQDPDWUL]GH
XUHLD(VWDPHOKRUDQDGLVSHUVmRGH+37pUHVSRQViYHOSHORDXPHQWRQDHVWDELOLGDGHWpUPLFDGRVQDQRFRPSyVLWRV
YHUL¿FDGDSHODVPXGDQoDVQDWHPSHUDWXUDGDSULPHLUDIDVHGHGHJUDGDomRGDXUHLDHPFHUFDGH&,VWRRFRUUH
GHYLGRjVIRUWHVLQWHUDo}HVHQWUHDVXSHUItFLHGR+37HXUHLDSRUWDQWRQmRREVHUYDQGRVLQDLVGHGHJUDGDomRGD
XUHLDOLYUHQRQDQRFRPSyVLWRV$OpPGLVVRpLPSRUWDQWHUHVVDOWDUTXHHPWRGRVRVQDQRFRPSyVLWRVRUHVtGXR¿QDO
DSyV&FRUUHVSRQGHDRWHRULQLFLDO+37DGLFLRQDGRHPFDGDPDWHULDO
3RGHPRVREVHUYDUSHOD)LJXUDFRVUHVXOWDGRVGDDQiOLVHGHWDPDQKRGHSDUWtFXODVGRVQDQRFRPSyVL-
WRVHPFRQWDWRFRPiJXD8PDIRUPDGHDXPHQWDUDVROXELOLGDGHGRIRVIDWRQRVRORpDWUDYpVGDGLPLQXLomRGR
WDPDQKRGDVSDUWtFXODVXPDYH]TXHDVROXELOLGDGHGDVSDUWtFXODVQRPHLRHVWiUHODFLRQDGDFRPRVHXWDPDQKR
GHDFRUGRFRPDHTXDomRGH2VWZDOG)UHXQGOLFK$7.,16GH3DXODGHYLGRDLVVRSDUWtFXODVGHPHQRUHV
WDPDQKRVWHUmRPDLRUDVROXELOLGDGHHPiJXD
$WUDYpVGHVVDDQiOLVHIRLSRVVtYHOYHUL¿FDUDGLVWULEXLomRGRWDPDQKRGDVQDQRSDUWtFXODVGH+37SUHVHQ-
WHQRFRPSyVLWRVDSyVVROXELOL]DomRWRWDOGDXUHLDSUHVHQWH3RGHVHREVHUYDUTXHD+37FRPHUFLDODSUHVHQWRXXP
WDPDQKRGHHPWRUQRGHQP&RPRYHUL¿FDPRVSHOR0(9DXUHLDSURPRYHXPDGLVSHUVmRGD+37GHIRUPD
DUHGX]LURWDPDQKRGDVSDUWtFXODVGH+37FRPRSRGHPRVREVHUYDUSHORVWDPDQKRDSUHVHQWDGRVSHORVQDQRFRP-
SyVLWRV+378UHHPHQPUHVSHFWLYDPHQWH
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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4. Conclusão
$WUDYpVGRVUHVXOWDGRVREWLGRVSRGHPRVFRQFOXLUTXHpSRVVtYHOXWLOL]DUXPDHVWUXWXUDGRWLSRQDQRFRP-
SyVLWRFRPDOWDVIUDo}HVGHFDUJDGHLQWHUHVVHGHIRUPDDREWHUPDWHULDLVFRPWDPDQKRGHSDUWtFXODVGHLQWHUHVVH
SDUDXWLOL]DomRGHVWHVFRPSRVWRVFRPRPRGHORSDUDIHUWLOL]DomRGHVRORV
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